Abstract Farsetia aegyptia Turra is a perennial woody desert shrub native to Egypt. It is used by native Bedouins as an anti-diabetic and antispasmodic. Study of the botanical features was carried out for the root, young and old stems, leaf, fruit and seed of the plant. F. aegyptia Turra was characterized by the presence of myrosin cells and non-glandular branched unicellular two-armed hairs in the stem, leaves and fruit, while the root showed sclereids with a wide or narrow lumen and lignified pitted walls. Furthermore, the DNA of the plant was extracted from leaf samples and analysed using ten random decamer primers. A total of 58 random amplified polymorphic DNA (RAPD) markers were identified. Both the botanical study and the DNA fingerprint helped in the identification of the plant.
Introduction
Family Cruciferae is one of the largest families in the plant kingdom. It is known for its richness in medicinal plants. It consists of about 365 genera and 3250 species with a wide distribution especially in the Mediterranean region to central Asia, and North West America. 1 Members of this family are mostly herbs, rarely shrubs or subshrubs.
Farsetia is one of the cruciferous genera. 1, 2 It consists of 25 species, distributed from North Africa to North West India. 2 Farsetia aegyptia Turra is used by native Bedouins as an anti-diabetic and antispasmodic. Moreover, it is used for the relief of rheumatic pains and taken internally as a cooling medicine after pounding. 3 The leaves and the stem of F. aegyptia Turra are prepared in Morocco as a decoction for toothache, gingivitis and sore eyes. 4 Members of family Cruciferae are characterized by the presence of alternate, simple, exstipulate leaves which are often varying from entire to palmate or pinnatifid. The fruit is a type of capsule, siliqua (at least 3 times as long as its width) or a silicula (less than 3 times in length as in width), rarely indehiscent and often flattened. The septum of the fruit remains on the plant when the seeds fall. The seeds are arranged in 1 or 2 rows, winged or not, with the embryo folded, accumbent or incumbent, conduplicate or very rarely straight. 1, 2, 5 The cruciferous plants possess characteristic secretory cells whose essential constituent is myrosin, consequently termed myrosin cells. Hairs are usually unicellular, sometimes simple unbranched or Y-shaped. 6, 7 A literature survey indicated that no data are available on the anatomical features of F. aegyptia Turra. The present work includes a study of the morphological and anatomical features, as well as, the DNA fingerprint of the plant to facilitate the identification of the plant both botanically and genetically.
Experimental

Plant material
Samples of F. aegyptia Turra used in this study were collected in May in the fruiting stage during the years 2008-2010 from El-Katameya, El-Ain El-Soukhna road, Egypt and were identified by Dr. Mohamed El-Gebali, senior botanist, National Research Centre.
Botanical study
Specimens for morphological studies were dried according to standard herbarium techniques and voucher samples were kept in the Department of Pharmacognosy, Faculty of Pharmacy, Cairo University. Photographs were taken using a Samsung digital camera.
Anatomical investigations were performed on cross-sections of the root, young and old stems, leaves, fruits and seeds which were preserved in 70% alcohol containing 5% glycerol and on air-dried finely powdered samples. The photographs were taken using a Leica DFC500 digital camera.
DNA fingerprint
Entire fresh leaves of the plant under investigation were freezedried and ground to fine powder under liquid nitrogen prior to DNA extraction.
DNA extraction
DNA was extracted from 10 g of leaf tissue in 1.5 ml microcentrifuge tubes using the DNA extraction method described by Williams et al. 8 
Oligonucleotide primers
A total of 10 random decamer oligonucleotide primers (Operon Technologies Inc.) were used to amplify Farsetia genomic DNA. They have the following sequence: A-11: CAATC GCCGT, B-06: TGCTCTGCCC, B-08: GTCCACACGG, E-20: AACGGTGACC, E-04: GTGACATGCC, F-06: GGG AATTCGG, G-06: GTGCCTAACC, G-18: GGCTCATGT G, O-04: AAGTCCGCTC and Z-13: GACTAAGCCC.
Polymerase chain reaction (PCR)
PCR amplification was conducted using 25 ll of reaction mixture containing 1% Triton 10-X reaction buffer (100 mM TrisHCl (pH = 8.3), 500 mM KCl, 0.01% (w/v) gelatin), 2.0 ll MgCl 2 (25 mM), 2.5 ll of each dNTP (2 mM), 3 ll primer, 0.3 ll of Taq polymerase (Promega), and 2.5 ll of genomic DNA, completed to volume with distilled water. The reaction mixture was overlaid with 2 drops of mineral oil. The amplification reaction was carried out in a Thermocycler Perkin Elmer Cetus 480 (Warrington, UK). The thermocycler was programmed for 1 cycle of 5 min initial strand separation at 94°C and for 40 cycles each 1 min at 94°C for denaturation, 1 min primer annealing at 36°C, a 7 min primer elongation at 72°C, followed by 1 cycle of final primer extension at 72°C for 10 min.
Gel electrophoresis and staining
PCR products were separated in 1.5% agarose gel by electrophoresis in TE buffer (10 mM Tris-HC1, 1.0 mM EDTA, pH = 8.0) with a constant power of 95 volts for about 3 h. The products were stained with 0.5 lg/ml ethidium bromide and then visualized and photographed under UV light using Polaroid camera type 57 (ASA 3000).
Results
3.1. Botanical study 3.1.1. Macromorphology F. aegyptia Turra ( Figure 1A and B) is a perennial woody greyish green to greyish brown desert shrub native to Egypt. It reaches 30-60 cm in height.
The plant is tough and wholly covered with appressed tiny whitish hairs. The stem is erect and densely branched. The flowering period starts in January and ends at the beginning of March while the fruiting period ends in May.
3.1.1.1. The root. The root is bright yellow to yellowish brown in colour. It shows lateral branching ( Figure 1C ) where the main root is very tough and harder than the smaller branches.
The surface is usually rough showing numerous wrinkles and longitudinal fissures. The cork is easily separated from the inner tissues exposing a yellow interior ( Figure 1D ). The fracture of the root is fibrous on the inner part and smooth on the outer part. The main root measures 1-4 cm in diameter, while the lateral branch measures 0.3-1 cm in diameter and extends 10-90 cm laterally below the soil. The root possesses a characteristic odour and a pungent taste. The young stem has a short, splintery fracture. It has a characteristic odour with slightly pungent taste.
3.1.1.3. The old stem. The old stem is yellowish brown in color, hard and rough with sympodial branching ( Figure 2B ). It measures 0.3-0.6 cm in diameter. It shows a wrinkled surface with longitudinal fissures and transverse cracks. It breaks with a fibrous fracture. The cork may exfoliate exposing a buff internal surface. The old stem is odourless and has a slightly pungent taste.
3.1.1.4. The leaf. Leaves are alternate, sessile and exstipulate. The lamina is simple, linear oblong in shape with an acute sometimes obtuse or emarginated apex ( Figure 2C) .
The upper and lower surfaces are dark green to greyish green, sometimes with a reddish tinge on the whole surface or near the apex only ( Figure 2D and covered with longitudinally appressed fine whitish hairs parallel to the midrib leading to indistinct venation. The midrib is prominent on the lower surface. The leaf has a slightly fleshy texture. It measures 0.3-2 cm in length and from 0.1-0.3 cm in width. The leaf has a characteristic odour and a slightly pungent taste.
3.1.1.5. The fruit. The fruit is true, simple, dry and dehiscent siliqua which opens with 2 flat or convex valves, ovate-oblong to elliptical in shape, more or less obtuse with a distinct style, attached to a very short pedicel that measures 1-2 mm in length ( Figure 3A ). The surface of the fruit is rough and covered with closely appressed fine whitish hairs.
The pericarp is pale green to greyish green, sometimes with a violet tinge ( Figure 3A) . It is thin, indistinguishable having epicarp, mesocarp and endocarp.
The fruit is derived from a superior bicarpellary bilocular ovary with a very thin membranous finely veined septum between the two locules. The septum may remain attached to the fruit pedicel after the seeds and pericarp fall off ( Figure  3B ). The fruit contains about 14-22 seeds attached to a parietal placentation where the seeds are attached to the junctions between the 2 valves of the fruit ( Figure 3C ). It measures 0.9-2 cm in length, 0.4-0.7 cm in width and 0.1-0.2 cm in thickness. The fruit possesses a faint characteristic odour and slightly pungent taste.
3.1.1.6. The seed. The seed is circular in shape, flattened and broadly winged with a transparent membranous wing ( Figure 3D ). It measures 0.2-0.4 cm excluding the wing which reaches 0.1-0.2 cm along the circumference of the seed.
The testa is thin, brittle, orange brown to dark reddish brown in colour, glabrous with a fine reticulated surface. The raphe ( Figure 3D ) is distinct as a small groove near one edge of the seed separating the position of radicle from that of the cotyledons ( Figure 3E ). The seed is albuminous, derived from anatropous ovule, with an accumbent embryo ( Figure 3F ) and two thin pale yellow cotyledons. The seed possesses a characteristic pungent odour and a mucilagenous pungent taste.
3.1.2. Micromorphology 3.1.2.1. The root. A transverse section ( Figure 4A and B) in the root is more or less circular in outline. It is formed of an outer cork, followed by the secondary cortex which is formed of parenchyma cells. The pericycle is formed of groups of sclereids. The endodermis is indistinct. The vascular system is relatively wide forming a ring. The cambium is formed of 3-5 rows of tangentially elongated thin-walled cellulosic cambiform cells. The xylem is formed of lignified radially arranged elements. The vessels are mostly pitted. Wood fibres are fusiform, with straight or undulating lignified walls, narrow lumina and acute apices. Wood parenchyma consists of rectangular elongated cells with pitted lignified walls.
The outer region of xylem representing the secondary xylem contains less vessels and more wood fibres, while the inner region forming the primary xylem shows wider vessels. The medullary rays are wavy uni-, bi-or triseriate and are formed of rectangular polygonal cells with lignified walls and containing starch granules.
3.1.2.1.5. The powdered root. The powder ( Figure 4C ) is yellow in colour having a characteristic odour and a pungent taste. Microscopically, it is characterized by the presence of the following: The xylem is formed of lignified radially arranged elements. The vessels show spiral and pitted thickenings. Wood fibres are present in groups; they are fusiform, with narrow lumina and acute apices. Wood parenchyma consists of rectangular elongated cells with pitted lignified walls.
3.1.2.2.5. The pith. The pith ( Figure 5B ) is formed of rounded parenchyma cells, with pitted slightly lignified walls.
3.1.2.2.6. The powder of the young stem. The powder (Figure 5D ) is greenish yellow in colour having a characteristic odour and a slightly pungent taste. Microscopically, it is characterized by the presence of the following: 
3). (D)
Low power view of the septum (X 40). endoc., endocarp; epic., epicarp; gl.hr., glandular hair; mes., mesocarp; myr., myrosin cells; par., parenchyma cells; phl., phloem; sept., septum; scler, sclerenchyma cells; v., xylem vessel. Hairs ( Figure 7E ) are abundant covering both surfaces. They are similar to the hairs present on the surface of the young stem. The xylem vessels show spiral and annular lignified thickenings. The cambium is formed of 2 rows of radially arranged small thin-walled cellulosic cambiform cells. The phloem tissue consists of sieve elements and phloem parenchyma.
3.1.2.4.7. The powdered leaf. The powdered leaf ( Figure 7E ) is pale green in colour, with a characteristic odour and slightly pungent taste. Microscopically, it is characterized by the presence of the following: Epidermal cells  47  50  59  40  50  55  33  36  37  Hypodermis  21  30  50  14  21  35  8  9  11  Aleurone layer  13  23  27  3  10  16  11  16  17  Polygonal cells of endosperm  20  35  45  15  25  35  17  22  23  Embryo  27  33  45  12  17 3.1.2.6. The seed. A transverse section in the seed ( Figure 10A ) shows the testa which is narrow and composed of an epidermis and hypodermis. The testa is followed by the endosperm and the embryo. The endosperm: The endosperm ( Figure 10A and B) is formed of an aleurone layer consisting of isodiametric thinwalled polygonal parenchymatous cells containing protein masses (stained yellow with picric acid in T.S.). The remainder of the endosperm is formed of 3-5 rows of thin-walled cellulosic polygonal cells.
The embryo: A transverse section in the cotyledon (Figure 10A and B) is formed of several rows of small isodiametric or slightly elongated thin-walled parenchyma cells with slightly wavy anticlinal walls filled with oil droplets (gives red with sudan III in T.S.) and protein masses.
3.1.2.6.6. The powdered seed. The powdered seed ( Figure  10B ) is pale orange brown in colour with slightly pungent odour and oily mucilaginous taste. Microscopically, it is characterized by the presence of the following: 
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Marker Figure 11 The RAPD-PCR products of Farsetia aegyptia Turra using ten decamer primers.
However, the primers F-06 and B-08 produced 2 and 3 amplified DNA fragments, respectively. Therefore, they can be considered of less contribution to the identification of F. aegyptia Turra.
Conclusion
F. aegyptia Turra is a cruciferous plant native to Egypt. This study aimed to characterize the plant on both the botanical and the genetic levels.
F. aegyptia Turra is characterized microscopically by the presence of myrosin cells and non-glandular branched unicellular two-armed hairs in the stem, leaves and fruit, while the root shows sclereids with a wide or narrow lumen and pitted lignified walls.
The DNA of F. aegyptia Turra was amplified using ten decamer primers to reveal RAPD fragments. The results suggest the use of primers G-06 and G-18 for the selective discrimination of F. aegyptia Turra.
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